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ABSTRACT 
 
 The present study was carried out in a slaughterhouse in Khartoum 
State to assess the meat hygiene practices. Ten critical control points were 
selected in a cattle slaughter line. They included working tools, air of cattle 
slaughter hall and various parts of the carcasses. 
 Eight hundred and twelve samples (swabs) were collected and 
examined bacteriologically during the period of December 2009 to October 
2010 to identify the types and species of aerobic bacteria and anaerobic 
bacteria present in the various critical control points (killing knives, 
skinning knives, finishing knives, knives used to open of abdomen, beef 
splitting saw, meat before and after wash, refrigerated meat). 
 A total of 908 isolates were detected, and the main Gram positive 
bacteria isolates were Staphylococcus caseolyticus (38.4%) Staph. capare 
(4.2%), Staph. epidermidis (4.9%), Staph. cohnii (0.22%), Staph. schleiferi 
(0.11%), Streptococcus pyogenus (3.99%), Micrococcus kristinae 
(11.09%), Micrococcus varians (8.65%), Bacillus cereus (4.99%), Bacillus 
firmus (0.22%), Corynebacterium pseudotuberculosis (0.89%), Aerococcus 
(22.51%), Anaerobic cocci (0.44%), Kurthia gibsonii (0.11%). Regarding 
the stages of the slaughtering process, the highest number of isolates 
appeared at the end of the work day while the lowest number of isolates are 
present at the start of the work. 
 The highest level of contamination was in the air of cattle slaughter 
hall (251 isolates) and meat before wash (168 isolates) and beef splitting 
saw (110 isolates). The lowest level of contamination occurred in killing 
knives (19 isolates) and refrigerated meat (22 isolates). The most 
predominant organism isolated was the Staphylococcus sp. No E. coli or 
salmonella were isolated in any of the critical control points.  
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INTRODUCTION 
 
Hazard Analysis Critical Control Point (HACCP) was a system 
originally set up when food was being produced for a stronots in The 
United States Space Program. The system was made public in 1971 
and has since been adapted by many countries around the world. 
HACCP is basically a preventative system, designed to correct 
problems before they affect the safety of food products. It is designed 
to prevent problems by making sure that controls are applied at any 
point in a food production system where hazardous or critical 
situations could occur (NACMCF, 1992). 
Seven principles approach for HACCP system. The steps 
include: 
1.  Conducting a hazard analysis and assessment. 
2.  Determining critical control points (CCPs). 
3.  Establishing critical limits for CCPs. 
4.  Monitoring critical limits. 
5.  Correcting deviations from critical limits. 
6.  Establishing an effective record keeping system. 
7.  Verifying that the HACCP program is working correctly 
(Pierson, 1992). 
Conducting a hazard analysis, these hazards are usually grouped 
into three categories: biological, chemical and physical. 
Biological hazards are living organisms that can make food 
unsafe to eat. It is may be Bacteria, Parasites, viruses and fungi. 
Chemical hazards may be something which occurs naturally in 
foods, or something added during food processing. They include 
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aflatoxins, mycotoxins, animal drugs, pesticides, lubricants, cleaners, 
paints and coatings etc. 
Physical hazard is a component of a food that is unexpected and 
may cause illness or injury to the person consuming the food. Foreign 
materials such as glass, metal or plastic are familiar physical hazards 
in meat and poultry products (Pearson, 1995). 
Objectives of the study 
1.  To apply the Hazard Analysis Critical Control Point (HACCP) 
in a slaughter house to help in producing the safest meat 
products for human consumption. 
2.  To determine the critical control points where hygienic faults 
are present and to correct the deviations. 
3.  To conduct the bacterial isolates and the microorganisms in a 
slaughter house that cause meat contamination and determine 
how to control these microorganisms at any point in meat 
production. 
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CHAPTER ONE 
LITERATURE REVIEW 
 
1.1 Meat contamination by microorganisms during the 
slaughtering process 
1.1.1 Stunning 
After animals are stunned they fall to the floor where the hide 
can pick up fecal contamination. The hide of calves and cattle can 
acquire bacteria such as Salmonellae or Campylobacter jejuni. There 
can also be increases in the incidence of Listeria monocytogenes on 
cattle hide after stunning and this organism has been found on the 
floor of stunning area. 
         It is possible for bacteria on the instruments used in slaughtering 
to contaminate some deep tissues (Mackey and Derrk, 1979). 
Feces may contain up to 10
6
 spores of Clostridium perfringens 
(Smith, 1961), as well as Salmonellae at levels up to 10
8
/g, also         
C. jejuni and L. monocytogenes. 
In the feces of healthy calves there can be 10
6
 viable cells of   
C. jejuni, though numbers are fewer in adult animals (Grau, 1988).  
Gracey (1985) reported that bacteria associated with meat 
depend on bacteriology of the soil on which the animals were kept 
prior to slaughter. 
The bacteria were transferred to the hides and then to the 
exposed meat. Hains (1933); Empey and Scott (1939) found that the 
sources of bacterial contamination of meat are hides, hooves, soil 
adhering to the hide, intestinal contents, air, water supply, knives, 
cleavers, saws, hooks, floors and workers. 
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The contamination of beef carcasses together with the capacity 
of meat surfaces to retain bacteria in the slaughter house varied along 
the processing line, but it was essentially dependent on the 
contamination at the dressing station. It decreased or remained 
unchanged during the first 12 minutes and then it increased without 
additional contamination (Kriaa et al., 1985). 
Increasing the level of control over the processes of carcass 
production should decrease the variation in bacterial contamination at 
carcass site (Jericho et al., 1994). 
Bacterial attachment to the meat surface might depend not only 
on the physiological state of bacteria or ambient temperature, but also 
on the physiochemical characteristic of the carcass (Notermans et al., 
1980). 
1.1.2 Slaughtering 
1.1.2.1 Resting animals prior to admission to a slaughterhouse 
 Meat hygiene and inspection legislation of Khartoum State 
(1999) recommends that animals should have enough rest before 
slaughter. Diseased animals or animals at late pregnancy are not 
accepted for slaughter. Such rest is needed to optimize physiological 
functions and to help in detecting evidence of any disease which could 
be recognized during this period (FAO/WHO, 1993). 
1.1.2.2 Feeding 
 Meat hygiene and inspection legislation of Khartoum State 
(1999) imposes quarantine ranged between 12 to 72 hours for animals 
before slaughtering. Within this time the animal is supplied with 
drinking water. Ample drinking water provision for animals retained 
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in the lairage before slaughter will lower the bacterial load in the 
intestines and facilitate easy removal of the hide during carcass 
dressing. However, fasted animal bleed better and the carcass will 
have brighter appearance (Gracy et al., 1999). 
1.1.2.3 General health condition 
 Defective or diseased animals must be separated from healthy 
ones to receive special care and prevent cross contamination (FAO/ 
WHO, 1993). Varnam and Sutherland (1995) reported that pre-
slaughter handling of animals has a profound impact on meat quality. 
Stress lead to increase defecation and animal body contamination and 
increased risk of meat contamination. Dirty animals must be cleaned 
before entering slaughter hall to prevent contamination of meat. FAO/ 
WHO (1993) imposed that reasonably dirty animal should be cleaned 
to the extent necessary to minimize the risk of meat contamination of 
slaughter house and dressing areas before it is allowed to enter the 
killing flour. 
1.1.2.4 Slaughtering method 
 Good hygiene practice and manufacturing practices will 
minimize the substantial seen or unseen contamination during 
slaughtering and dressing. Training programs are important in 
achieving hygienic slaughtering and dressing (FAO/WHO, 1993). 
The Islamic method of slaughter forbids stunning of animals 
prior to slaughter (Sariy Eldin, 1972). The method of slaughtering is 
ritual. Holy Quran recommends the cutting of the blood vessels for 
draining of blood. The act of slaughtering (Al-Dabh) is allowed in the 
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name of God, therefore uttering the name of Allah should always be 
practiced (Gracey et al., 1999).  
The end of captive blot, may be heavily coated with bacteria. 
When it penetrates the skull of cattle, the organisms could be 
recovered from the spleen but not from muscles. When cattle were 
pithed with heavily contaminated pithing rods, bacteria were found in 
the spleen and, at times, in muscles of the neck and flank. Bacteria 
from inoculated stick-knives 10
8
-10
11
 bacterial cells were isolated 
from the blood and sometimes from the heart, liver, kidney, spleen 
and lung of sheep, though rarely from muscles.  
With such relatively modest hygiene it is unlikely that muscles 
would often be contaminated by either stick-knife or captive blot. 
After the neck skin of cattle is cut, the knife is decontaminated before 
the carotid blood vessels are severed.  
The relative ease with which sterile muscles can be obtained for 
experimental purposes from normal animals suggests that muscles are 
essentially sterile. 
Inadequate bleeding of carcasses at slaughter and the blood 
content of muscles appears to have no effect on microbial growth on 
meat or the keeping quality (Gill, 1991). 
Frazier (1967) showed that any contaminating bacteria on the 
knife would soon be found on meat in various parts of the carcass as it 
is carried by the blood, soon after slaughter. 
The contamination of carcasses comes from different sources 
including environment and equipments with which meat comes in 
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contact during slaughtering and processing, but hides remain as an 
important source of contamination. 
Hussien (1971) isolated bacterial contaminants of fresh meat 
from the gastro-intestinal tract and hides of the slaughtered animals 
and from the water, halls and air. 
Lawrie (1979) reported that if a contaminated knife was used 
and was inadvertently introduced from the skin where    the main 
blood vessels were severed, bleeding could lead to contamination of 
the tissues.  
Gracey (1980) reported that there are different sources of meat 
contamination. For example, invasion of blood vessels by bacteria 
from the intestine of weak or ill animals just prior to slaughter. The 
animal's digestive tract was claimed to carry a dangerous load of 
bacteria. The hide, legs and hooves contain varying amounts of soil 
bacteria.  
       Actual contamination from dirty hands, clothing's and equipments 
are important factors in the presence of bacteria in meat. 
Kragelj and Soban (2001) pointed out that the principle   
sources of bacterial contamination (anaerobic, proteolytic, spores, 
psychrophilic and enterobacter) at the abattoir were skin of animals, 
feces, slaughter's overalls and knives.   
1.1.2.5 Spreading of salmonellas during cattle slaughtering 
 The spread of salmonellas during the slaughtering of cattle in 
the Berlin (west) slaughter house was investigated. The slaughtering 
was divided into 12 areas. During the first examination, which lasted 
eight months, the equipments and implements at each stage of 
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slaughter, and feces of cattle were tested. Salmonellas were not 
isolated from any of 226 samples of feces whereas 14 isolations 
(1.8%) were made from the 768 swabs taken from equipments. Most 
isolates were obtained at the step of opening the abdominal cavity. 
 In a second survey, 61 (4.3%) of 1392 swab samples and 2 
(0.75%) of 267 feces samples were positive. Of the different 
processing steps, cutting off the hooves and loosening the skin of legs 
gave the highest recovery of salmonellas. 
 Moderate recoveries were obtained after opening the abdominal 
cavity. Removal of head, loosening the skin of head, removing the 
hide and splitting the breastbone and the carcass did not result in the 
isolation of the organism. Salmonella anatum was the most common 
isolate. The same serotypes were isolated from both carcasses and 
equipments (Stolle, 1981). 
1.1.3 Skinning 
 Most of the microbial load on the carcass is derived from the 
skin, hide or fleece during skinning. Bacterial contamination includes 
the normal skin flora as well as organisms from soil and feces which 
are on the skin, and includes Yeasts, Bacilli, Micrococci, Staphylo-
cocci, Corynebacteria, Moraxella, Actinobacter, Flavobacteria, 
Enterobacteriaceae, E. coli, Salmonella and Listeria spp. (ICMSF, 
1998). 
 Frazier and Westhoff (1988) emphasized the importance of 
contamination from external sources during skinning and cutting 
whereas the sources are exterior to the animals. They also reported 
that during handling contamination came from carts, boxes and other 
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contaminated meat in chilling storage. During processing contamina-
tion came from special equipments (grinders, sausage stuffers, fillers, 
spices and casings). 
 In New Zealand, cattle hide and sheep fleece appear to be the 
major source of L. monocytogenes on the carcass (Lowry and Tiong, 
1988). 
 A survey was made on the distribution and isolation of 
Staphylococcus species on the skin of humans and 7 types of animals 
(pigs, horses, cows, chicken, dogs, laboratory mice and pigeons). 
Staph. xylosus and Staph. hominis were isolated (Naguse et al., 2002). 
 Akiyama et al. (1998) studied the coagulase negative 
Staphylococci isolated from various skin lesions. Some of them were 
Staph. hominis and Staph. auricularis.  
 Sometimes animals are washed before slaughter to remove 
loose dirt, however it is not clear whether pre-slaughter washing has 
any significant effect on microbial contamination of carcass (Roberts, 
1980; Gill, 1991). 
 Hocks are removed and incisions through the skin are made 
along the inside of the legs, along the neck, sternum and abdomen and 
around the anus. Knives and operator's fist are used to separate the 
skin from the underlying hock and skin. This becomes heavily 
contaminated, as do knives, steels and cloths. Salmonellae can often 
be found on the hands and equipments of these workers (Smeltzer     
et al., 1980; Stolle, 1981).  
 L. monocytogenes has been found on the knives and hides 
(Gobat and Jemmi, 1991). The incision through the contaminated skin 
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carries microorganisms on to the carcass tissue. The knife blade and 
handle and the hands of the operator, as these are used to free the skin, 
transfer organisms mechanically onto the carcass. Bacterial numbers 
are highest on region of the carcass where the initial manual removal 
of the skin takes place and lowest where skin is mechanically pulled 
away (Kelly et al., 1980). 
 Cutting the skin around the anus and freeing the anal sphincter 
and rectal end of the intestine are major sources of carcass 
contamination with E. coli and Salmonellae, and presumably also with 
C. jejuni. The hide and skin around the tail are often contaminated 
with feces. Care taken during this operation is critical in limiting 
fecal-derived contamination. Samples taken immediately after tissue 
was exposed during hide removal showed that there was considerable 
more contamination with E. coli and Salmonella of the perennial and 
rectal channel than of hind leg or brisket. The rectal end of the lower 
intestinal tract of beef animals is often enclosed in a plastic bag to 
limit contamination of the rectal channel and abdominal cavity. After 
the anal sphincter and the rectum are cut free, there can be about 100-
fold increase in E. coli and a significant increase of Salmonellae on 
sheep carcasses without any detectable increase in the total aerobic 
viable count (Gray, 1986).  
1.1.4 Evisceration 
 Hide and skin have been described as the main source of 
contamination of the slaughtered animal (Grau, 1974). Meat would be 
contaminated by contact with hides, feet, skin, stomach and intestinal 
contents, hands and clothing of personnel, water used for washing 
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carcass, equipments and even air in the processing and storage areas 
(Wagner, 2000). 
 The slaughter of cattle with excessively dirty hides would result 
in increased bacterial contamination on the carcass (Mc Evoy et al., 
2000).  
 At the hock, inside hind legs, flank, neck and brisket sites the 
final wash did not result in a significant decline in microbial numbers 
(Bell, 1997). 
 Differences between clean and dirty hides were evident at sites 
which required manual skinning during hide removal. The extent of 
contamination during hide removal could be reduced by using 
improved hygienic practices (Mc Evoy et al., 2000). 
 It has been assumed that unless the viscera of slaughtered 
animals were removed soon after death, the meat would be 
contaminated by bacteria from the intestinal tract (Newton et al., 
1978).  
 Both carcass surfaces and workers clothes were found to be 
more heavily contaminated and there was evidence of contamination 
transfer to and from workers clothes and carcass surfaces (Scott and 
Bloomfield, 1993). 
 The quality of fresh beef is largely affected by microbial 
contamination and by the temperature during holding period 
(Narasimha Rao and Ramesh, 1988). 
 As part of evisceration process, the brisket is cut, the abdomen 
is opened and the organs of the thorax and abdomen are removed. 
Offal is separated from the viscera and inspected. Care is needed to 
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prevent puncture of the rumen during brisket cutting. Puncture of 
intestine or spillage of its contents can cause massive contamination of 
the carcass and offal. Campylobacter can occur in bile (Bryner et al., 
1972). 
 The gall bladder and mesenteric and hepatic lymph nodes can 
be infected with Salmonellae. Normally, Salmonellae are found in less 
than 10% of these lymph nodes. However in cattle and sheep held for 
some days in contaminated abattoir environments, more than 50% of 
jejuna, caecal and colonic lymph nodes can harbor Salmonellae 
(Samuel et al., 1981), be more than 7500 Salmonellae/g of mesenteric 
nodes (Samuel et al., 1980). In cattle where there was a high incidence 
and a high count of Salmonellae in these nodes draining the lower 
intestine, infections of the tonsils, retropharyngeal, rumenal and 
abomasal nodes were rare. Salmonellae were also not found in the 
tracheobronchial, caudal, mediastinal, lumbar aortic, medial iliac, 
superficial inguinal or caudal deep cervical lymph nodes. 
 In spite of a high infection rate of mesenteric lymph nodes, 
spread beyond is limited (Tannock and Smith, 1971). 
 Incision of lymph nodes can contaminate the hands knives of 
veterinary inspectors and Salmonellae can then spread to edible 
tissues.  
 Though Salmonellae are occasionally present inside livers, 
significant contamination of the liver surface occurs during 
evisceration and separation from other viscera, and from the hands 
and knives of veterinary inspectors (Thomas, 1981). 
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 Livers and offals become contaminated also with C. jejuni. 
General contamination of the heart, liver and diaphragm of cattle and 
sheep has been shown to take place during removal from carcass 
cavity, from contact with the evisceration table and from handling 
during separation of the different organs (Sheridan and Lynch, 1988). 
1.1.5 Cutting 
1.1.5.1 Meat cutting and utilization of meat cuts 
 Large differences exist in the tenderness, juiciness and flavor of 
the various meat animal carcasses because of breeding, age, feeding 
and management. Within each animal carcasses and associated with 
the different muscles there are variations in tenderness that dictate 
how different cuts of meat should be prepared to yield the most 
palatable foods. Because of these differences in tenderness, juiciness 
and flavor, each meat cut should be merchandised according to its 
availability and palatability characteristics. 
 Throughout the world, countries have varied natural resources 
and capabilities for producing live stock and different methods must 
be used to utilize all meat products correctly and completely whether 
they are cut from cattle, goats, sheep, swine, deer or other animals, 
and whether they come from the tender or less tender parts of those 
animals. 
 At times animals will suffer from stress prior to slaughter and 
signs of their reaction will be evident in the carcass. Stressed cattle 
often produce dark cutters in which the muscle is not the normal 
bright cherry red but rather is dark red and sticky. 
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Table 1: Comparative differences in various compositional aspects of market 
weight beef, pork and lamb: 
   
 Beef Pork Lamb 
Average live animal 
weight (kg) 
454-544 95-104 45 
Age (months) 36 6 8-12 
Dressing percentage  
(carcass/live weight) 
60 70 50 
Carcass weight (kg) 272-318 68-73 23 
Carcass 
composition % 
Lean 52 50 55 
Fat 32 32 28 
Bone 16 18 17 
 
 
 
 
 
Table 2: The color of the muscle tissues for the normal product should be: 
Meat Color 
Beef Bright cherry red 
Goat meat Light pink to red 
Lamb Light pink to red 
Pork Grayish pink 
Veal Light pink to red 
Venison Dark red 
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1.1.5.2 Equipments for the meat-cutting operation 
1.  Solid cutting table preferably made of non-corrosive material 
(stainless steel, aluminum or galvanized material) with hard 
plastic top. If wood has to be used instead of plastic only tight 
wooden tops/cutters should be used. 
2.  Oil or water sharpening stone. 
3.  Sharpening steel. 
4.  Knives: 
a-  Boning- 20 cm straight 
b-  Steak- 30 cm curved 
5.  Meat saw- hand or electric. 
6.  Totes, bins and meat trucks (plastic or other non-corrosive 
material). 
7.  Wrapping table. 
8.  Paper or plastic foil/bags for meat wrapping. 
9.  Tool holder. 
10.  Metal mask/ safety gloves. 
11.  Boning aprons/ safety aprons. 
12.  Hand wash- basin. 
13.  Knife sterilizer (FAO, 2008; Benson, 2008). 
1.1.5.3 Beef cutting 
 Four essential points when cutting beef (or any other meat 
animal carcass) are:  
1.  Cut across the grain of meat when possible. 
2.  Use sharp knives and saws for speed and good workmanship. 
3.  Keep the cutting table orderly and have a place for everything. 
4.  Be clean and sanitary in all operations. 
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1.1.5.4 Halving 
 Halving is done immediately after the animal has been dressed 
and every effort should be made to saw the carcass into equal sides 
through the centre of the back bone. 
1.1.5.5 Quartering 
 Quartering or ribbing down is the division of a side of beef 
between the twelfth and thirteenth ribs into fore and hind quarters. 
One rib is usually left on the hind quarter to hold the shape of the loin 
and to make it easier to cut steaks. 
1.1.6 Bone-in method 
1.1.6.1 Fore quarter 
 The first cut to make is between the fifth and sixth ribs counting 
from the neck back. This cut is made parallel with the ribs and 
produces a cross-cut chuck consisting of as square-cut chuck (also 
called chuck and blade), fore shank and brisket. Next the fore shank 
and brisket are removed by cutting through the first sterna cartilage, 
and making the cut almost parallel with the back bone of the carcass. 
1.1.6.2 Fore shank 
 The fore shank is separated from the brisket by following the 
natural connective tissue seam between the muscles with a knife. The 
fore shank can then be sawn in to small pieces to be used for soup 
stock or the lean may be removed and used for ground meat. 
1.1.6.3 Brisket 
 The brisket, boned and made into a roll, can be used either as a 
pot roast or can be cured. 
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1.1.6.4 Square-cut chuck 
 This whole sale cut contains the first five ribs of the fore quarter 
and may be sewn into steaks or roasts. Several cuts are usually made 
across the bottom or shank end of the chuck resulting in arm steaks or 
roasts. The chuck is then turned and cuts are made parallel with the 
ribs, resulting in blade steaks and roasts. If the carcass is of high 
quality and thickly fleshed, steaks cut from the rib end of the chuck or 
across the arm bone will be highly desirable.  
 Only the neck remains to be processed. It is usually severed at a 
point where it enlarges to meet the shoulder. The neck contains a large 
amount of bone and connective tissue and is generally used for 
simmering, corning or grinding. All bloody portions should be 
trimmed off before other cutting is done. 
1.1.6.5 Short plate 
 The cut to divide the short plate from the rib is made 18-25 cm 
from the inside of and parallel with the chine or back bone. 
1.1.6.6 Rib 
 The rib cut is made up of the rear seven ribs in the fore quarter. 
This is the most valuable piece of meat from the fore quarter because 
it is the most tender and has the least amount of bone. It has a large 
bundle of muscle fiber that runs parallel to the back bone. 
1.1.6.7 Hindquarter 
 Place the hindquarter on the cutting table with the inside of the 
carcass up because the first cut made is to remove the kidney knob 
from the inside of the loin. 
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1.1.6.8 Kidney knob 
 Begin removing the kidney fat at the lower end and loosen it 
with a knife where it is attached to the loin, leaving a thin covering on 
the inside of the loin and being careful not to cut into the tender loin 
muscle. 
1.1.6.9 Flank 
 Remove the flank next by cutting into the scrotum or udder, 
following the round muscle and cutting close enough so little of the 
lean meat is taken from in front of the stifle joint. Continue cutting 
along and below the outer portion of the line of the kidney fat, or in a 
straight line to leave 10 cm of the thirteenth rib in the flank. 
1.1.6.10 Round 
 The round and loin are divided at about the fourth sacral joint in 
the spinal column to almost parallel with the back end of the round, or 
to about 5 cm in front of the stifle joint. 
1.1.6.11 Loin  
 The loin is usually completely sawn into steaks beginning at the 
large end. Sirloin steaks are cut first and the first three or four are 
known as wedge or round bone sirloin steaks. These are the least 
desirable pieces of the sirloin. The last sirloin is cut where the hip-
bone is separated from the spinal column and the steak cut there is 
known as the hip- or pin- bone sirloin steak (FAO, 2008). 
1.1.7 Muscle-boning method 
 One excellent approach to the cutting up of meat animal 
carcasses which is becoming more popular and utilized by large meat 
processors is the procedure commonly referred to as "muscle-boning". 
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While this procedure is particularly adaptable to large carcasses such 
as beef, it can be successfully used on carcasses or cuts of any size. 
1.1.7.1 Forequarter 
 The forequarter is sawn into square-cut chuck, fore shank, 
brisket, rib and plate as in the bone-in method. 
1.1.7.2 Fore shank 
 The fore shank has attached to it, behind the elbow joint, a 
relatively large, thick piece of muscle. This is usually cut out by 
following the connective tissue seams and produces a fairly large 
triangular-shaped cut correctly identified as bone less arm roast. 
1.1.7.3 Brisket 
 The ribs and sternum are lifted from the inside of the brisket 
and the excess fat is removed. The brisket can either be rolled and tied 
to be used as a pot roast or it can be cured. 
1.1.7.4 Square-cut chuck 
 The neck is sawn from the chuck and trimmed of bone, fat and 
the large pre scapular lymph gland. The bone less neck can be utilized 
as a pot roast, however, it is more often cut into cubes for stew or 
ground meat. 
1.1.7.5 Rib 
 The rib is prepared by first sawing across the rib bones to 
facilitate the removal of both the back bone and the ribs with the 
knife. Another procedure often used to bone out a rib is carefully with 
a sharp knife to loosen the small strip of meat found between the ribs. 
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The ribs are then loosened by cutting close to the bone and removed 
by striking with a blunt instrument. 
1.1.7.6 Plate 
 After the heavy connective tissue lining is peeled from the 
inside of the plate, the bones are removed and the lean meat cubed for 
stew or prepared for grinding in a way similar to the trimming of the 
brisket. 
1.1.7.7 Hindquarter 
 As a first step, the kidney and accompanying fat are removed 
from the hindquarter carefully with a knife so as not to cut into the 
tenderloin muscle. 
1.1.7.8 Flank 
 Remove the flank by cutting into the scrotum or udder, 
following the round muscle and cutting close enough so that little lean 
meat is taken from the front of the stifle joint. Continue cutting along 
and below the outer portion of the line of the kidney fat in a straight 
line and saw through the thirteenth rib. 
1.1.7.9 Round 
 The round and loin are separated with a saw as described in the 
bone-in method. The pelvic bone is removed from the round and the 
muscle sections of the round are exposed. 
1.1.7.10 Hind shank 
 The hind shank, somewhat like the fore shank, has a large 
muscle group attached to it that can be removed and utilized as a pot 
roast. This cut is sometimes referred to as the "duck" of beef. 
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1.1.7.11 Loin 
 The tenderloin muscle is carefully cut from the inside of the 
loin and usually cut into individual steaks (FAO, 2008). 
1.1.8 On-the-rail boning 
 This is a modification of the muscle-boning method. Typical for 
on-the-rail boning is the hanging position of the hind quarter or the 
entire beef side during the boning procedure. The removal of the 
different meat cuts from the hanging carcass is considerably 
facilitated. Beef cuts can easily be pulled downwards under their own 
weight after cutting them free along their natural connective tissue 
seams. Special hooks with handles used by the operators are an 
additional aid for the correct fixation of the cuts during boning. 
 On-the-rail boning is the most hygienic way of meat cutting. 
Contamination by hands of operators, tools, cutting boards, etc. is less 
than with other methods (FAO, 2008). 
1.2 Trimming and washing 
 Trimming and washing are done to improve the appearance of 
the carcass and remove blood, bone dust, hair and soil. Trimming will 
remove some bacterial contamination, washing removes some bacteria 
and redistributes some organisms from one site to another. The 
effectiveness of washing varies with temperature, pressure and 
volume of water and the design of the system and time spent. 
 Washing with water at less than about 40-50
o
C tends to give 
relatively small and variable reductions in bacterial contamination. 
Counts at more highly contaminated sites may be reduced, while 
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counts are unchanged at sites with an initial low level of 
contamination (Kelly et al., 1981). 
 The addition of chlorine to wash water appears to have only a 
small effect on reduction of contamination (Kelly et al., 1981). 
 Both acetic and lactic acids solutions, when applied to carcass 
surfaces, reduced bacterial contamination. A 1% solution of lactic acid 
reduced the mesophilic count on beef, veal and pork carcasses 
between log10 0.8 and 1.9. 
 Both acetic and lactic acids have a residual effect, reducing the 
rate of microbial growth on chilled meat. However, acid sprays appear 
to produce little reduction in E. coli and Salmonella on meat surface 
(Brackett et al., 1994). 
 Count consistently above about 10
5 
/cm
2
 indicates that more 
care is needed in carcass dressing (Mackey and Roberts, 1993). 
1.3 Chilling 
 Chilling is a critical control point in the HACCP system. 
Adequate chilling prevents the growth of thermophilic and mesophilic 
pathogens; e.g. Salmonella, and limits growth of psychrotrophs. 
 Carcasses of sheep and young calves and sides of beef are 
chilled in air. Air temperatures are usually maintained, except for the 
period during loading of the chiller, at less than 7-8
o
C. The 
temperature used depends on the species and subsequent stages of 
production. If beef or sheep is to be taken directly from slaughter 
house, at least 18-24 hours from slaughter air temperatures below 7
o
C 
are used. If the meat is for chilled or frozen trade as carcasses, sides or 
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quarters, it is often chilled with air near -1 to 2
o
C. Rapid chilling 
causes cold-shortening and toughening of meat (Lawrie, 1991). 
 The doors and walls of chillers can be a source of 
contamination of carcasses with psychrotroph and with Listeria 
(Gobat and Jemmi, 1991). 
 Counts of above 10
3
 Staph aureus/cm
2
 were found on 2.4% of 
carcasses, with a few carcasses having counts of 10
6
 Staph aureus/cm
2
 
(ICMSF, 1998). 
1.4 Spoilage of fresh meat 
 Food spoilage is a disagreeable change or departure from the 
food's normal state. Such a change can be detected with the senses of 
smell, taste, touch or vision. Changes occurring in food depend upon 
the composition of food and the microorganisms present in it and 
result from chemical reactions relating to the metabolic activities of 
microorganisms  
1.5 Types of spoilage 
 Various physical, chemical and biological factors play 
contributing roles in spoilage. For instance, microorganisms that break 
down fats grow in sweet butter (unsalted butter) and cause a type of 
spoilage called rancidity. Certain types of fungi and bacteria fall into 
this category. Species of the Gram-negative bacteria rod Pseudomonas 
are major causes of rancidity. The microorganisms break down the 
fats in butter to produce glycerol and acids, both of which are 
responsible for the smell and taste of rancid butter. 
 Another example occurs in meat, which is primarily protein. 
Bacteria able to digest protein (proteolytic bacteria) break down the 
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protein in meat and release odoriferous products such as putrescine 
and cadaverine. Chemical products such as these result from the 
incomplete utilization of the amino acids in the protein. 
  Food spoilage can also result in a sour taste. If milk is kept too 
long, for example, it will sour. In this case, bacteria that have survived 
pasteurization grow in the milk and produce acid from the 
carbohydrate lactose in it. The spoilage will occur more rapidly if the 
milk is held at room temperature than if refrigerated. 
 The sour taste is due to the presence of lactic acid, acetic acid, 
butyric acid and other food acids (Edward Alcamo, 1996). 
1.6 Sources of microorganisms 
 The general sources of food spoilage microorganisms are the 
air, soil, sewage and animal wastes. Microorganisms clinging to foods 
grow in the ground are potential spoilers of the food. Meats and fish 
products are contaminated by bacteria from the animal's internal 
organs, skin and feet. Meat is rapidly contaminated when it is ground 
for hamburger or sausage because the bacteria normally present on the 
outside of the meat move into the chopped meat where there are many 
pockets and a rich supply of moisture. Fish tissue are contaminated 
more readily than meat because they are of a looser consistency and 
are easily penetrated. 
Canned foods are sterilized before being placed on the grocery 
shelf, but if the sterilization has been unsuccessful, contamination or 
food spoilage may occur. Swollen cans usually contain gas produced 
by members of the genus Clostridium. Sour spoilage without gas is 
commonly due to members of the genus Bacillus. This type of 
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spoilage is called flat-sour spoilage. Lactobacilli are responsible for 
acid spoilage when they break down the carbohydrates in foods and 
produce detectable amount of acid.  
 Among the important criteria determining the type of spoilage 
are the nature of the food preserved, the length of time before it is 
consumed and the handling methods needed to process the foods. 
Various criteria determine which preservation methods are used 
(Edward Alcamo, 1996). 
 The spoilage flora is dominated by psychophysics, aerobic, 
Gram-negative motile and non motile rods which were earlier 
classified as Pseudomonas, Actinobacter and Moraxella but none are 
identified as Pseudomonas spp., Actinobacter and Psychrobacter 
immobilis (Dainty and Mackey, 1992). 
 Pseudomonas normally account for more than 50% of the 
spoilage flora with Pseudomonas fragi, Pseudomonas lundensis and 
Pseudomonas fluorescence being the most important species. 
 Brochothrix thermosphacta and psychrotrophic Entero-
bacteriaceae from a small proportion, but more prevalent on the fat 
surface of sheep and storage at 5
o
C favors their growth. At high 
temperatures (25-30
o
C) as here in Sudan, the spoilage flora is 
dominated by Enterobacteriaceae and Actinobacter spp. (Gill and 
Newton, 1980). 
1.7 Meat hygiene practice 
 The safeguarding of countries meat supply depends on diligent 
implementation of legislation related to abattoir construction and 
operations with regard to the following (Gracey, 1986): 
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1.  The wise use of chemical and pharmaceutical preparation in the 
farm. 
2.  Promotion of high health standards in live stock and their 
general care during transportation, at auction markets and in the 
meat plant lair age.  
3.  Anti-mortem examination to eliminate unfit animals and to 
make provision for special post-mortem examination. 
4.  Post-mortem examination of the carcass and offal immediately 
after slaughter including laboratory testing where necessary. 
5.  Removal of unfit material for human consumption and it is 
efficient destruction at processing plant located outside the meat 
plant. 
6.  Maintenance of standards of hygiene at all stages from the farm 
to meat plant, meat processing factory, cold storage, restaurants 
kitchens and the consumer's home. 
 A good meat hygiene system not only results in the provision of 
sound and whole some product for human consumption with good 
keeping qualities, but also make an important contribution to the 
control of animal diseases by making available to producers the 
valuable information obtained from meat inspection findings. 
 According to Scarfani (1957) and Goetzche (1958), about 90% 
of the food poisoning cases caused by meat and meat products may be 
attributed to post-mortem operations and handling and about 10% of 
the cases are due to diseases already present in the living animals. 
 Heuvelink et al. (2001) noted that a greater awareness of the 
importance of good hygienic practices among slaughter house, 
personnel and governmental meat inspectors. 
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 Boyle et al. (1990) concluded that waste fluids in slaughter 
houses can support the growth of L. monocytogenes. Slaughter house 
temperature should be as low as possible and cleaning and sanitation 
should be frequent to minimize contamination of meat with this 
pathogen. 
1.8 International standards for abattoir construction and 
operation  
 Abattoirs are premises that approved and registered by the 
concerned authorities where animals are slaughtered and dressed for 
human consumption (FAO/WHO, 1993). 
FAO (1978) recommended that the site should be chosen at a 
higher level from the surroundings. This will make easier drainage 
and will prevent pools of stagnant water formation around the 
slaughter house. Proper drainage should be cared for to avoid 
pollution. Direction of the prevailing wind must be considered. 
Religious believe must be cared for. 
 According to FAO (1991), meat export establishment should 
comply with the following requirements: 
1.  Proper construction is a pre-requisite for effective operations 
and ensures safe and acceptable satisfactory surroundings to 
minimize dust and accumulation of debris, and run-off water 
and waste. 
2.  Adequate insect and vermin protection. 
3.  Sufficient ventilation, cleaning processing and handling 
equipments. 
4.  Sufficient refrigerated storage for the final product. 
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5.  Abattoirs should include amenities for employees. Each abattoir 
should include suitable working area. 
6.  Foundation and floors must be made of concrete. Drain must be 
impervious to water. The finished floor must be easy to clean 
and no slippery and should be sloped towards drain. 
7.  Physical barriers must be made between compartments of edible 
and inedible materials. 
8.  Physical separation must be made between areas of clean and 
dirty operations. 
1.9 The Hazard Analysis Critical Control Point (HACCP) system 
and it is role in the detection of contamination of meat in the 
slaughter house 
 Shmoury (2000) reported that (HACCP) is a food safety 
management system, which concentrates prevention strategies on 
known hazards and the risks of this of them occurring at specific 
points in the food chain. 
 Thornton (1966) reported that 40% of contamination of meat 
occurred on the slaughter floor and 33% during flaying. 
 According to Scarafoni (1967), the dirt and skins of animals 
contribute to 33% of the pollution, the abattoir atmosphere to 5%, the 
visceral content to 3%, transport and storage elements to 50% and 
halving, quartering and packing of carcasses to 3%.  
 Biss and Hathaway, (1998) suggested that critical points include 
pre-slaughter status, inverted dressing, handling and chilling and that 
the use of visible fecal contamination for monitoring hygiene may 
give erroneous results. It is concluded that (HACCP) approach to 
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slaughter can reduce microbiological contamination of sheep 
carcasses. 
 Jericho et al. (2000) concluded that the control of aerosols in 
the hide removal floor should be treated as a critical control point in 
HACCP plan. 
 According to USDA FSIS (1996), mandated requirements in 
efforts to reduce the occurrence and numbers of pathogens on meat 
and poultry products, reduce the incidence of food borne illness 
associated with consuming these products and provide a frame work 
for modernization of the meat and poultry inspection system. 
 The new regulations required establishment of four new 
programs; three as pathogen reduction measures and one for HACCP. 
 Jay (1986) explained that the HACCP was a preventive system 
of control that included a careful analysis of ingredients products and 
process in an effort to determine those components or areas that must 
be maintained under very strict control to assure that the end product 
meet the microbiological specifications that had been developed. 
 Guyon et al. (2001) showed that pre evisceration, de-fatting and 
associated worker's materials are critical points for carcass.  
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CHAPTER TWO  
MATERIALS AND METHODS 
 
2.1 Collection of samples 
  The aim of this study is to determine the bacterial load and 
isolate bacteria associated with the act of slaughtering in a slaughter 
house. Eight hundred and twelve (812) samples from deferent points 
in a slaughter hall, air of cattle slaughter hall, equipment's and meat 
production line. The totals of 908 isolate and examined 
bacteriologically during the period of December 2009 to October 2010 
were detected and the main Gram positive bacteria isolate. The 
samples were collected for bacteriological examination under sterile 
conditions.  
The samples were collected from:  
1. Killing knives (50 Swab).  
2. Skinning knives (100 Swab).  
3. Finishing knife (before wash of carcass) (50 Swab).  
4. Finishing knife (After wash of carcass) (50 Swab).  
5. Knives use to open of Abdomen of the carcass (50 Swab).  
6. Beef splitting saw (100 Swab).  
7. Meat before wash (100 Swab). 
8. Meat after wash from the vertebral area: (1) cervical vertebrae 
(2) Thoracic vertebrae (3) Lumber vertebrae) (100 Swab).  
9. Refrigerated meat (100 Swab).  
10. Air of cattle slaughter hall (112 Swab).  
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2.2.1 Nutrient agar  
 Nutrient broth is gelled by the addition of 2% agar. To make 
agar weigh 28g of powder, disperse in 1 liter of deionised water, soak 
for 10 minutes, swirl to mix then sterile by autoclaving for 15 minutes 
at 121
o
C cool to 47
o
C, mix well and pour into plates.  
2.2.2 Peptone water  
 For many kinds of media the make or type of peptone is 
immaterial, but for certain tests a particular type may be specified 
(Cfu).  
 Disperse 15g of peptone powder in 1Litre of deionised water, 
soak for 10 minutes, swirl to mix then dispense into containers. 
Sterilize by autoclaving for 15 minutes at 121
o
C.  
Enriched and enrichment media:-  
2.2.3 Blood agar base  
  Sheep blood agar can be used for detecting the different 
haemolysins of staphylococci and streptococci (Cfu).  
Suspend 40g of blood agar base powder in 1liter of distilled 
water. Bring to the boil to dissolve completely. Sterilize by 
autoclaving at 121
o
C for 15 minutes. For blood agar, cool the base to 
50
o
C and add 7% of the sheep blood.  
Differential and selective media  
2.2.4 MacConkey agar 
This of general use in the detection and isolation of members of 
the Enterobacteriaceae (Harrigan and Mccance, 1976).  
Suspend 51.59 of powder to 1liter of distilled water. Bring to 
the boil and sterilize by autoclaving at 121
o
C for 15 minutes.  
Media for carbohydrate studies:-  
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2.2.5 Hugh and Leifson's O/F medium (Hugh 8L Leifson's, 1953)  
  Dissolve the solids peptone (2g), NacL (5g), K2HPO4 (0.39) and 
Agar (3g), by heating in the distilled water. Adjust to pH 7.1, filter 
and add the indicator (Bromthmol blue, 0.2% aq. Soln 15mL).  
Sterilize at 115
o
C for 20 minutes. Add a sterile solution of 
glucose of glucose or other appropriate carbohydrate aseptically to 
give a final concentration of 1%.  
Mix and distributed aseptically in 10mL volumes in to sterile 
tubes of not more than 16mm diameter.  
2.2.6 Peptone water sugars 
  To 900mL peptone water adds 10mL indicator solution 
(Bromcersol purple) and sterilize at 115
o
C for 20 minutes. Dissolve  
5-10g of the appropriate sugar in 90 mL of distilled water and steam 
for 30 minutes or sterilize by filtration. Add this to the sterile peptone 
water with indicator, distribute in to sterile tubes with inverted inner 
(Durham) tubes and steam for 30 minutes.  
2.3 Types of culture 
(a) Liquid batch cultures. Cultures in liquid media, in which no 
fresh nutrient is provided during growth.  
(b) Agar slope (or slont) cultures. Test – Tubes or small bottles 
containing about 5mL of solid medium, e.g. nutrient agar, 
dissolved and allowed to cool in a sloping position. The 
inoculum is either spread are the surface of the medium or 
applied in  a thin streak using a wire loop.  
(c)  Stab cultures. Tubes or bottles containing an agar or gelatin 
medium are allowed to solidify in the upright position. The 
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medium is inoculated by plunging a long straight wire, charged 
with inoculum, vertically in to the centre of the tube.  
(d) Semi-solid cultures. Cultures grown in a medium containing 
sufficient agar (0.02-0.3 percent) to increase the viscosity of the 
medium.  
(e) Shake cultures. Test-tubes or bottles containing a solid medium 
are used the medium is dissolved, cooled to 45
o
c, inoculated, 
mixed well by rotating the tube between the hands and allowed 
to solidify in the upright position.  
(f) Plate cultures.  
Streak plates. Streak plates are used when well isolated colonies 
are required either for studying colonial form or in the 
separation of mixed cultures. In either case the solid medium is 
allowed to form a thin layer in a Petri-dish, and the surface of 
the medium is covered with inoculum by a suitable streaking 
technique (Harrigan and McCance, 1976).   
2.4 Incubation of cultures 
In studies for identification, cultures should be incubated at the 
optimum temperature of the organism concerned for example (37
o
C), 
except in the case of certain special media (e.g. gelatin stabs are 
usually incubated at 22
o
C) (Harrigan and McCance, 1976).  
2.5 Method of inoculation  
 In the laboratory the study of micro-organisms is based usually 
on pure cultures, i.e. cultures derived from the growth of a single 
organism and consisting therefore of one strain of organism only. It is 
essential to a void contamination of the cultures and to use an aseptic 
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technique during inoculation and Laboratory procedures (Harrigan 
and McCance, 1976).  
2.6 Identification of bacteria  
 The purified isolated bacteria were identified according to 
criteria out lined by: Barrow and Feltham (2003) include:  
1. Shape of the bacteria colonies.  
2. Reaction of Gram's stain.  
3. Presence or absence of spores.  
4. Motility.  
5. Growth aerobically or anarchically.  
6. Catalase.  
7. Oxidase.  
8. Glucose.  
9. Carbohydrates.  
10. Biochemical tests.  
2.7 Characterization test methods 
2.7.1 Air count test 
         Exposing petri dishes containing suitable culture media for a 
definite period of time, e.g. 
1
/2 or 1 hour. Account of the colonies after 
incubation of the plates for 24 hours at 37
o
C. Yields a relative estimate 
of the number of organisms present, and if blood agar is used, the 
occurrence in the air of pathogenic staphylococci and streptococci can 
be determined (Arthur and Charles 1962; Noble et al., 1963).  
2.7.2 Staining methods 
2.7.2.1 Gram's staining method  
Procedure  
1. Prepare a heat-fixed smear from an 18-*24h culture in the usual 
way.  
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2. Stain with crystal violet solution for 1-2 min.  
3. Rinse rapidly with water, add gram's iodine solution and leave 
from 1 min.  
4. Pour off the iodine, blot dry and wash the slide with 95% 
ethanol.  
5. Rinse under the tape and stain with dilute carbol fuchsine 
solution for 20 seci. 
6. Wash be slide well and blot dry. (Harrigan and McCance 1976).  
2.7.2.2 Ziehl-Neelsen method for staining acid – fast bacteria  
Procedure:  
1. Cover the slide with strong ZiehL-Neelsen's carbol fuchsine and 
heat the underside of the slide with a lighted alcohol-Soaked 
swab. Stop heating when the slide steams. Keep the slide hot 
and replenish the stain if necessary, taking care not t allow the 
smear to become dry. Heat for 5 min., not allowing the staining 
solution to boil.  
2. Wash well.  
3. Decolorise with acid-alcohol or with 1.5 to 20% sulphuric acid: 
The excess stain is removed as a brownish solution, and the 
smear will become brown. Rinse in water, when the film will 
appear pink once more.  
Apply more acid and repeat the rinsing several times until the 
film appears faintly pink upon washing.  
4.  Wash well.  
5.  Counter stain with Loffler's:  
 Methylene blue for 5min.  
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6.  Wash well and carefully remove the stain deposits from the 
back of the slide with filter paper. Blot dry and examine 
(Harrigan and McCance, 1976).  
2.7.3 Biochemical methods for identification of isolated bacteria  
 All biochemical tests were performed according to Cowan and 
Steel, (2003). They include:-  
2.7.3.1 Acetyl methyl carbinol production; the voges-proskauer 
reaction  
 Method 3 (Furniss et al., 1978) stab- inoculate semi-solid VP 
medium; incubated for 1 – 3 days. Place on the surface 1 drop creative 
solution and about 0.5ml freshly prepared mixture of 3 parts 5% α-
naphthol and 1 part 40% KOH; Shake gently to aerate, and read. After 
1 h. Appositive reaction gives a red colour.  
2.7.3.2 Oxidation or fermentation of glucose (Hugh and Leifson, 
1953)        
 Some workers steam the of medium to remove dissolved air, 
and quickly cool just before use.  
 Stab-inoculate duplicate tubes with a straight wire. To one of 
the tubes add a layer of melted soft paraffin (Petrolatum to a depth of 
about 3cm above the medium to seal it from air. Incubate and examine 
daily for up to 14 days.  
Result Open tube Sealed tube 
Oxidation  Yellow  Green  
Fermentation  Yellow Yellow  
No action on  Blue or  Green  
Carbohydrate  Green   
Note: This medium can also be used for detecting gas production and 
motility.  
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Controls:  
 Oxidation –  Acine to bacter calcoaceticus  
 Fermentation – Escherichia coli  
 No action – Al caligenes faecalis  
2.7.3.3 Catalase activity  
Methods:  
 Culture the organism in Nutrient Broth; after incubation over 
night add 1mL 3 – 6% H2O2 and examine immediately and after 5 min 
for evolution of gas.  
Control:  
 Positive – Staphylococcus saprophyticus  
 Negative – Enterococcus feacalis  
2.7.3.4 Motility  
Method 2:   
 Stab-inoculate tubes of motility medium to a depth of about 
5mm. incubate at or below the optimum growth temperature motile 
organisms migrate throughout the medium, which becomes turbid; 
growth of non-motile organisms is confined to the stab inoculum.  
2.7.3.5 Nitrate reduction 
Method 1:  
 Inoculate nitrate broth lightly and incubate for up to 5 days. 
Note any gas formation I the inverted inner (Durham) tube. Add 1mL 
of nitrite reagent A followed by followed by 1mL of regent B.  
 A deep red colour which shows the presence of nitrite and thus 
shows that nitrate has been reduced, indicates a positive reaction.  
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2.7.3.6 Oxidase (cytochrome oxidase) activity  
 Method 1 (Kovacs, 1956, modified by Cowan & Steel 1974). A 
fresh solution of the reagent is prepared each time of use by adding a 
loopful of treat methyl-p-phenylenediamine dihydrochloride to about 
3mL of sterile distilled water or saline; the reagent is not sufficiently 
stable for storage in aqueous solution even in the presence of ascorbic 
acid. However, solutions prepared with 0.1% ascorbic acid can be 
kept at -20
o
c and thawed when needed. For use, wet a filter paper disc 
in a sterile plastic petri dish with a few drops of the indicator solution 
and smear the test culture (grown on a medium free from glucose and 
nitrate) a cross the moist paper with a platinum (not nichrome) loop, 
glass rod or swab stick. The appearance of a dark purple colour on the 
paper within 30 second denotes a positive reaction.  
2.7.3.7 Fermentation of sugars  
 Carbohydrate media were inoculated within 24 hours, positive 
reaction indicated by changing colour to pink and accumulation of gas 
in durham's tubes when it was produced.  
2.7.3.8 Indole test 
 Peptone water was inoculated with tested bacteria and incubated 
for 48 hours after which 0.5ml kovac's reagent was added and the tube 
was well shaken and examined after one minute. A positive reaction 
was indicated by the red color in the reagent layer. 
2.7.3.9 Coagulase test   
 To 0.5ml of 1/10 dilution of plasma in saline add 0.1ml of an 
18-24 hour broth culture of the organism. Incubate at 37
o
C and 
examine after 1, 3 and 6 hours for coagulation. If negative, the tubes 
should be left at room temperature overnight and then re-examined. 
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2.7.3.10 The anaerobic jar  
 Perti-dishes or tubes containing any medium to be incubated in 
an oxygen free at mosphere  for the isolation and growth of anaerobes, 
can be enclosed in anaerobic jar (Harrigan and McCance, 1976).  
2.8 Sterilization 
 The sterilization of culture media, container and instruments is 
essential in bacteriological work for the isolation and maintenance of 
pure cultures Bacteriological tests for sterility may be used to confirm 
the efficiency of the procedures used.  
2.8.1 Sterilization by heat in the absence of moisture  
 Although heat is much more effective in the presence of 
moisture both dry heat methods and moist heat methods have their 
uses.  
2.8.1.1 Red heat in the Bunsen flame 
 This is used for sterilizing inoculating wires, loops and metal 
instruments which are not damaged by heat. If highly infective 
pathogens are being cultured, hooded burners or properly designed 
loop sterilizers are essential to contain spattered material.  
2.8.1.2 Flaming after dipping in ethanol  
 This method is frequently used for scalpels, etc, with the 
instruments being heated to red heat. It dose not necessarily achieve 
sterilization. 
2.8.1.3 Hot air oven  
 The hot air oven is heated by either electricity or gas and is 
thermo statically controlled. Sterilization in the hot air oven is usual 
for dry glass ware such as test – tubes, glass Petri-dishes, flasks and 
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pipettes. Glass Petri-dishes and pipettes are packed most easily in 
copper, alloy or stainless steel containers made for the purpose. The 
hot air oven is also used for sterilizing dry materials in sealed 
containers, e.g. Chalk, and for mineral oils used in the preservation of 
stock bacterial cultures.  
 The holding time should be a minimum of 2h beginning when 
the oven thermometer indicates 16
o
C.  
2.8.2 Sterilization by Heat in the presence of moisture  
2.8.2.1 Boiling water bath 
 Boiling for 5 – 10 min is sufficient to kill non-sporing 
organisms, but some spores can survive. This method is useful where 
sterility is not essential or where better methods are not available, or 
are unsuitable.  
2.8.2.2 Koch's steam sterilizer  
 Sterilization in a Koch's steam sterilizer (Steamer) in steam at 
atmospheric pressure and 100
o
c is used for media or constituents 
which are damaged by exposure to temperatures above 100
o
C, e.g. 
Sugars, gelatin, and milk.  
2.8.2.3 Autoclave  
 Autoclave is the most efficient method of sterilizing culture 
media, and should be used for all media capable of with standing the 
high temperature without decomposition. It is also used for glass ware 
and instruments, and for sterilizing cultures and contaminated material 
before washing the actual temperature inside the autoclave depends on 
the steam pressure as shown in table below: 
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Gauge pressure Temperature 
(
o
c) 
Gauge pressure Temperature 
(
o
c) (lb/in
2
) (KN/m
2
) (lb/in
2
) (KN/m
2
) 
0 0 100 15 103.4 121 
5 34.5 109 20 137.9 126 
10 68.9 115    
 
2.8.3 Sterilization filtration  
 This method is used for sterilizing fluids and solution which 
would be adversely affected by heat. There are various kinds of filter 
which may be used.  
1. Earthen ware candles. 
2. Membrane filters.  
3. Chemical Disinfectants.  
2.8.4 Chemical disinfectants 
Chemical disinfecting are used mainly for the skin, floors, 
buildings, apparatus, and for articles which cannot be effectively 
heated without damage. In the Laboratory, pipettes ands slide 
preparations containing living cells should be discarded in to jars 
containing suitable disinfectants (Harrigan and McCance, 1976).  
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CHAPTER THREE 
RESULTS 
 
3.1 Bacterial species isolated at different critical control points 
(C.C.Ps) (Table 3) 
 Units 
No. 
examined 
Isolates 
Frequency 
(%) 
Knives 
Killing knives 50 
Staphylococcus caseolyticus 0.58 
Staphylococcus capare 42.11 
Micrococcus kristinae 1.00 
Skinning knives 100 
Staphylococcus caseolyticus 11.56 
Staphylococcus capare 26.32 
Staphylococcus schleiferi 100.00 
Micrococcus kristinae 3.00 
Bacillus cereus 11.11 
Finishing knives 100 
Staphylococcus caseolyticus 30.64 
Micrococcus kristinae 19.08 
Knives used to 
open abdomen 
50 
Micrococcus kristinae 15.03 
Staphylococcus caseolyticus 20.0 
Bacillus cereus 22.2 
Beef splitting saw 100 
Staphylococcus caseolyticus 28.90 
Bacillus Cereus 13.33 
Anaerobic cocci 100.00 
Meat 
Meat before 
wash 
100 
Staphylococcus caseolyticus 11.56 
Bacillus Cereus 31.11 
Streptococcus pyogenus 100.00 
Micrococcus  varians 100.0 
Meat after wash 100 
Staphylococcus caseolyticus 1.73 
Bacillus cereus 17.78 
Bacillus firmus 100.00 
Staph. capre 23.68 
Refrigerated 
meat 
100 
Micrococcus kristinae 10.00 
Staphylococcus capare 7.89 
Coryne. pseudotuberculosis 75.00 
Bacillus cereus 4.44 
Kurthia gibsonii 100.00 
Air of the cattle slaughter hall 112 
Aerococcus 100.00 
Coryn.  pseudotuberculosis 25.00 
Staphylococcus cohnii 100.00 
Staphylococcus epidermidis 100.00 
Aerococcus 100.00 
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Table 4: The occurrence of different species of bacteria from the selected isolates  
Species Percentage 
Staphylococcus caseolyticus 38.4 
Aerococcus  22.51 
Micrococcus kristinae 11.09 
Micrococcus varians 8.65 
Bacillus cereus 4.99 
Staphylococcus epidermidis 4.9 
Staphylococcus capare 4.2 
Streptococcus pyogenus 3.99 
Corynebacterium pseudotuberculosis 0.89 
Anaerobic cocci 0.44 
Staphylococcus cohnii 0.22 
Bacillus firmus 0.22 
Staphylococcus schleiferi 0.11 
Kurthia gibsonii 0.11 
 
 
 
 
Table 5: The total of isolation of different species of bacteria 
Species Total Number 
Staphylococcus caseolyticus 346 
Aerococcus 203 
Micrococcus kristinae 100 
Micrococcus varians 78 
Bacillus cereus  45 
Staphylococcus epidermidis 44 
Staphylococcus capare 38 
Streptococcus pyogenus 36 
Corynebacterium pseudotuberculosis 8 
Anaerobic cocci 4 
Staphylococcus cohnii 2 
Bacillus firmus 2 
Staphylococcus schleiferi 1 
Kurthia gibsonii 1 
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The highest level of contamination it is found in the air of cattle 
slaughter hall (C.C.P.10) (251) isolates and meat before wash 
(C.C.P.7) (168 isolates) and beef splitting saw (C.C.P.6) (110 
isolates).  
The lowest level of contamination occurred in killing knives 
(C.C.P.1) (19 isolates) and refrigerated meat (C.C.P.9) (22 isolates).  
The lowest rates of contamination occurred in the start of work, 
while the highest rates of contamination occurred in the End of work.  
The anaerobic cocci were isolated form the beef splitting saw 
(C.C.P.6).  
The kurthia gibsonii were isolated from the refrigerated meat 
(C.C.P.9). 
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CHAPTER FOUR 
DISCUSSION 
 
 Quality control on production is likely to operate at three levels: 
hygiene control of the processing (and this includes cleaning regimes 
for equipment, etc); detection of possible hazards from pathogenic 
organisms in the product, and the assessment of the potential shelf-life 
(or storage-life) of the product. The application of the usual system of 
quality control based only on the sampling of finished products and 
rejection of batches which fail the standard is unlikely to succeed in its 
aim since microbiological testing of limited use and informative, and 
in consequence only a relatively small sample of the entire batch can 
be tested.  
 Detailed microbiological examinations of samples taken during 
and after the production and processing of food products can provide 
useful information, allowing an assessment of the probable shelf-life, 
a check of the process in order to correct or to anticipate any 
deterioration in the production methods, and some indication of 
potential public health hazard. However, the choice of the methods of 
examination of a particular food product requires, amongst other 
things, an intimate knowledge of the preparation, storage and 
distribution of the raw constituents (Harrigan and Margaret, 1976). 
 The aerobic bacterial species isolated in the present study were 
Staphylococcus caseolyticus, Staph. Capare, Staph schleiferi, Staph. 
cohnii, Staph. Epidermidis, Streptococcus pyogenus, Micrococcus 
kristinae, Micrococcus varians, Bacillus cereus, Bacillus firmus, 
Corynebacterium pseudotubercubsis, Aerococcus, Kurthia gibsonii. 
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 The anaerobic bacterial species isolated in the present study 
were Anaerobic cocci, Bacillus cereus, Staph. Caseolyticus. 
 These results are also in agreement with Elamin (2002) who 
isolated Staphylococcal, Micrococcus, Corynebacteria, Kurthia, 
Enterobacteria and Pseudomonia.  Sary Eldin (1972) reported the 
contamination of meat with staphylococcus (coagulase positive).  
Among the bacterial genera present in air and dust bacillus and 
micrococcus species were isolated. They were able to tolerate dryness 
to varying degrees (Jay, 1986). 
Salih (1971) reported heavy contamination of fresh meat in 
Khartoum State with spoilage bacteria of genera micrococci, 
streptococci, bacilli, pseudomonas and aerogenes.  
Staphylococcus spp. Were the most common cocci isolated 
agrees with the finding of Newton et al. (1978) and Gill (1982). 
Staphylococci may be expected to exist, at least in low 
numbers, in any or all food products of animal origin or in those that 
are handled directly by humans, unless heat-processing steps are 
applied to affect their destruction. 
They have been found in large numbers in commercial foods 
(Jay, 2000). 
Staphylococcus aureus is a major pathogen for humans, ranging 
in severity from food poisoning or minor skin infections to severe life-
threatening infection (Jawetz et al., 2001).   
Dennis (1984) was the first to associate staphylococci from 
food poisoning (Jay, 2000). Staphylococcus strains produce sufficient 
enterotoxin in meats to cause meat poisoning (Pereira et al., 1991). 
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The abscessed bovine livers contain either coagulase-negative 
staphylococci or diphtheroids (Hussein, 1973). 
 According to Thornton (1981) staphylocci are commonly found 
on the skin and in the upper respiratory tract of man and animals and 
can easily contaminate foods of all forms. 
They produce toxins in the food if eaten and cause symptoms, 
which develop rapidly within 2 to 3 hours and it usually disappears 
within 24 hours and these include vomiting, diarrhea, severe 
abdominal cramps and patients sometimes collapse. According to 
American Authorities staphylococcal food poisoning is the 
commonest form encountered in the U.S.  and is responsible for 90% 
of the outbreaks (Thornton, 1981). 
For providng hygienic meat and meat products, maintaining 
high standard of hygiene in the abattoir is a matter of  paramount 
importance. This is maintained by continuous monitoring to establish 
a hygiene base and to ensure the quality of the products (Sofos, 1994). 
Applying the hygiene measures which are reliable for achieving this 
goal, besides imposing the hazard analysis critical control points 
system (HACCP) is a matter of great importance, by setting critical 
control points in trial to avoid these hazards. It is a useful parameter 
for preventing contamination and other hygienic problems (Bakheit, 
2004). 
Staphylococcus epidermidis is an opportunistic pathogen most 
often associated with abscesses and other purulent inflammatory 
processes of wounds. Staph. intermedius is a common inhabitant of 
the skin and nasophorynx of carnivores. In dogs, it may cause 
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pyoderma (multiple skin abscesses), otitis, conjunctivitis, and mastitis 
(Thomas et al., 1996).  
Pathogenic organisms especially from respiratory infections 
may spread in air by employees during sneezing or coughing and 
hence deposit microbes on meat surface (Gregory, 1961). 
Amanie (2000) who isolated Micrococcus spp., Staphylococcus 
lentus, Staphylococcus auricularis and Escherichia coli from meat at 
different stages of processing, also isolated Bacillus firmus, Bacillus 
pantothenticus, Bacillus thuringiensis, Bacillus amyaligue-faciens, 
Aerococcus spp., Proteus mirabilis, Pseudomonas pseudolcaligenes, 
Shewanella putrefaciens, Acinetobacter lowff and Acinetobacter 
calcoacetus. 
Staphylococci responsible for food poisoning produce orange 
pigment and it coagulates plasma (Cowan and Steel, 1981). 
According to Omer (1990) Staphlococcus aureus is the most 
important pathogen and toxin producer. Gracey (1980) noticed that 
Staphylococcus aureus easily contaminates food of all forms, and it 
produces toxins that caused symptoms include vomiting, diarrhea, 
severe abdominal pains and sometime leads to collapse. 
The beef splitting saw (C.C.P6) meat before wash (C.C.F7) and 
air of cattle slaughter hall (C.C.P10) were found to have the highest 
level and density of contaminants. This may indicate poor hygiene of 
workers and animals and must be treated as sources of contamination 
to meat. This detection is supported by Ahmed (2004), Haines (1933) 
and Empey and Scott (1939) who found that the sources of bacterial 
contamination of meat are hides, hooves, soil adhering to the hide, 
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intestinal contents, air, water supply, knives, cleavers, saws, hooks, 
floors and workers. 
Micrococcus spp. Which were isolated have no importance in 
public health and their isolation from meat and from other parts in 
abattoir is a normal phenomenon. This may originate from 
environment and exposure of meat to handling by the workers (Omer, 
1990). 
According to Barrow and Feltham (2003), these organisms were 
commonly encountered in routine laboratories either as environmental 
or as commensal from normal skin and only occasionally from 
infections. 
4.1 Pathogenicity  
4.1.1 Staphylococcus caseolyticus  
It is countered in abscesses and pyogenic infections but it is less 
pathogenic (Arthur and Charles, 1962).  
4.1.2 Staphylococcus caprae  
 Epidermidis group, appears to be of lesser clinical significance 
though they may be involved, for example, in implant surgery and 
immunosuppressive therapy (Cowan and Steel, 2003).  
4.1.3 Staphylococcus epidermidis  
 Frequently the cause of stitch abscesses (Arthur and Charles, 
1962).  
4.1.4 Staphylococcus cohnii  
 The saprophytic group, it is resistance to norobiocin and exhibit 
anomalous resistance to penicillins and fusidic acid (Richardson and 
Marples, 1980; Cowan and Steel, 2003).  
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4.1.5 Staphylococcus schleiferi  
This appears to be of lesser clinical significance though it may 
be involved, for example, in implant surgery and immunosuppressive 
therapy (Cowan and Steel, 2003). 
4.1.6 Streptococcus pyogenus   
 Man is very susceptible to invasion by Streptococcus pyogenus, 
although individual immunity varies and strains of different virulence 
exist.  
The following may be caused by streptococci:  
1. Infection of the skin cellulitis, dermatitis, and erysipelas. 
2. Diseases of the respiratory tract, septic sore throat, pharyngitis, 
tonsillitis, scarlet fever, bronchitis, empyema, and lobar 
pneumonia.  
3. Diseases of the ear and sinuses – sinusitis, mastoiditis, and otitis
  media. 
4. Disease of the bones and joints – arthritis, rheumatic fever, 
osteomyelitis, and periostitis.  
5. Disease of the genital tract – cervicitis.  
6. Miscellaneous: complication in appendicitis, peritionitis, and 
other infections. Secondary invaders in tuberculosis, influenza, 
measles, small pox. (Arthur and Charles 1962).  
4.1.7 Micrococcus kristinae  
 The micrococci are commonly encountered in routine 
laboratories either as an environmental component.  
4.1.8 Micrococcus varians  
Contaminats or as commensals from normal skin and only 
occasionally from infections. 
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4.1.9 Bacillus cereus  
  Bacillus cereus is now well recognized as a cause of food-
poisoning (Kramer et al., 1982) and of occasional tissue infections in 
man and other animals (Gilbert et al., 1981; Norris et al., 1981) 
(Cowan and Steel, 2003). 
4.1.10 Bacillus frimus  
  Occasional tissue infections in man and other animals (Gilbert 
et al., 1981; Norris et al., 1981; Cowan and Steel, 2003). 
4.1.11 Corynebacterium pseudo tuberculosis  
 These are animal pathogens. It was isolated from environmental 
samples such as air, dust, and dairy utensilis.  
4.1.12 Aerococcus  
Aerococci have been isolated occasionally from the skin of 
infants, from patients with endocarditis, and from urines and wound 
swabs.  
That they associate with infection suggests that they are capable 
of mischief, if only as opportunist pathogens (Colman, 1976; Parker & 
Ball, 1976). (Cowan and Steel, 2003). 
4.1.13 Anaerobic cocci  
 They are part of the normal flora of man and animals, especially 
of the oropharynex, colon and vagina; and as opportunist pathogens. 
(Watt & Brown 1983) (Cowan and Steel, 2003). 
4.1.14 Kurthia gibsonii  
 Is not usually regarded as a pathogen, but we include it as 
strains that have been isolated from meat and dairy products and 
occasionally from clinical material (Keddie, 1981; Cowan and Steel, 
2003).  
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CONCLUSIONS AND RECOMMENDATIONS 
 
Conclusions 
1. It was found that contaminants in the abattoir include Gram 
positive bacteria.  
2. The dominant bacteria isolated and Staph. spp. They were the 
more frequent isolate. 
3. No E. coli or salmonella were isolated which is a significant 
results. 
4. The sources of meat contamination were investigated and 
determinated at several critical points where hygienic faults were 
marked out. 
5. Air of cattle slaughter hall (C.C.P.10), meat before wash 
(C.C.P.7) and beef splitting saw (C.C.P.6) were found to have the 
highest number of bacteria compared with the other critical 
control points. 
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Recommendations 
1. It appeared that there is need to use strict, meat hygiene system to 
control contamination in the abattoir. This should include 
sanitation of the animal which is to be slaughtered, sanitation of 
equipment and machines, general and personal hygiene and 
hygiene of the slaughterhouse environment and its surroundings. 
2. Applied the (HACCP) principles at any point of the meat 
production line in the slaughterhouse is necessary.  
3. Workers need training and knowledge of the hygienic 
implications of operations during processing. 
4. Tying the oesophagus to preent out flow of ruminal fluid and 
removing rumen and intestines without breakage is very helpful. 
5. Cleaning chiller floors, walls and doors to reduce build-up of 
psychographs (e.g. spoilage microorganisms, Listeria spp) is 
highly derived. 
6. Limit time chiller room doors are allowed to be open prevents 
entrance of warm moist air and reduces contamination.  
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APPENDIX 
Appendix 1 
Culture media  
Nutrient broth  
 An empirical medium of general use for the cultivation of most 
bacteria (with the exception of Lactic-acid bacteria and some fastidious 
pathogens) (Harrigan and Mc cause, 1976).  
 To make broth, add 13g to 7 Lit of distilled water, mix well and 
distribute in to final containers, and sterilize by autoclaving at 121
o
C for 15 
minutes.  
VP test media  
 Semi-solid VP medium (Furniss, Lee & Donovan, 1978).  
Dissolve ingredients tryptone (10g), yeast extract (5g), NacL (5g), 
K2HPO4 (5g), Glucose (5g) and Agar (3g), by heating. Dispenes in 2.5 mL 
volumes in bijoux bottles and sterilize at 115
o
C for 10 minutes.  
Miscellaneous media:-  
Nitrite broth 
 Dissolve the nitrite (Na No2 0.01g) in the broth (Nutrient Broth 
1000mL), distributed in to tubes and sterilize at 115
o
V for 20 minutes.  
Motility Media:-  
Motility media  
 Soak the gelatin (80g) in the distilled water (1000mL) for 30 
minutes, add the other ingredients peptone (10g), Meat extract (3g), Nacl 
(5g) and Agar (4g), heat to dissolve, and sterilize at 45
o
c for 20 minutes.  
Reagents  
Staining reagents  
Acetone – iodine solution for decolonization  
 Dissolve the iodine (10g) and Potassium iodide (6g) in the distilled 
water (10mL) and adjust to volume with the ethanol (90%) (To 10 mL).  
Acetone – iodine mixture 
Strong iodine solution (3.5mL) and Acetone (96.5mL). Mix well 
before use (Cowan and Steel's, 2003). 
Acid-alcohol  
Concentrated HCl (3mL) and Ethanol (95%) (97mL). mix well 
before use (Cowan and Steel's, 2003).  
Carbol fuchsin 
 Mix the phenol (85g) and Basic fuchsine (15g) and heat gently to 
dissolve the phenol. Add the ethanol (250mL) and distilled water (1250mL) 
and filter in to astoppered bottle.  
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Carbol fuchsin, weak.  
Dilute one volume of strong carbol fuchsine with 10-20 volumes of 
distilled water. (Cowan and Steel's 2003).  
 
Loeffler's methylene blue (Loeffler, 1884) saturated ethanolic solution  
Mix KOH (1% aq-Soln) (1mL) with distilled water (99mL) and 
Ethanolic metlylene blue (30mL).  
Mix the well before use (Cowan and Steel's, 2003).  
Lugol's iodine  
Dissolve the potassium iodide (10g) and iodine (5g) in distilled 
water (100 ml) (Cowan and Steel's, 2003).  
Reagents  
Formulae of and notes on the reagents are shown below.  
Standard acids and alkalis, and simple aqueous solutions.  
Hydrogen peroxide  
 H2O2, 3% aq. Soln (10% volume) protect from light and store in a 
cool place, keep in a brown bottle closed with a glass stopper, par affined 
cork or plastic screw-cap.  
Creative solution  
 1% creatine in 0.1 N-HcL.  
This solution a voids the rather vague 'Knife – point of creative' 
quoted in many textbooks and is relatively stable; a solution of creative in 
alkali is of recommended, but is unstable (Levine et al., 1934)(Cowan and 
Steel's 2003).  
α-naphthol solution  
 5% α-naphthol in ethanol (not 95% ethanol).  
 The solution should not be darker that straw colour; if necessary the 
α-naphthol should be redistill (Fulton et al., 1960) (Cowan and Steel's, 
2003). 
Nitrite test reagents 
Solution A:  
0.33% sulphanilic acid in 5N-acetic acid Dissolve by gentle heating.  
Solution B:  
0.6% dimethyl- α-naphthol amine in 5N-acetic acid.  
Oxidase test reagents  
Solution 1:  
 Prepare a fresh solution of tetramethyl-p-phenylenediamine 
dihydrochloride each time of use by adding a loop full of it to about 3mL of 
sterile distilled water or saline.  
Solution 2:  
1% α-naphthol in 95% ethanol.  
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Solution 3:  
  1% P-amino dimethyl aniline oxalate aq-soln (also known as 
dimethyl-p-phenylenediamine oxalate) (Cowan and Steel's 2003). 
 
Kovac's reagent 
 The reagent contains P-dimethyl amino benzaldehyde, amyl alcohol 
and concentrated HCl. It was prepared according to Cowan and Steel, 
(2003) by dissolving the aldehyde in the alcohol by heating in the water 
bath (about 50-55
o
C). It was then cooled and the acid was added. The 
reagent was protected from light and stored at 4
o
C to be used for the indole 
test. 
Indicators  
Bromothymol blue 
 It was used as a liquid from at 0.04% concentration and pH of 6.0 to 
7.6.  
Bromocresol purple  
 It was prepared by dissolving of 0.2 gram of bromocresol purple in 
100mL of distilled water.  
Preparation of the samples  
 The bacterial condition of the meat is determined by taking both 
superficial and deep tissue samples.  
For quantitative studies, swab procedures can be used. (W.F. 
Harrigan and Margaret E. McCance 1976).  
Air may be examined to determine both the kind and the number of 
microoganisms present, although generally accepted, efficient methods 
have not yet been fully attained. The quantitative results vary with the 
methods of collection, sampling time, culture media used, incubation time 
(Arthur and Charles, 1962).  
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Appendix 2 
Bacillus cereus 
 
 
 
 
Appendix 3 
 Staphylococcus caseolyticus 
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Appendix 4 
 Bacillus cerceus 
 
 
 
   Note the spores 
 
 
Appendix 5 
 Staphylococcus capare 
 
 
 
 Appendix 6 
Distribution of bacterial species at different critical control points C.C.Ps. 
Critical point 
(samples 
Species 
C.C.P 
1 2 3 4 5 6 7 8 9 10 
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 
Staphyl. caseolyticus 0 1 1 12 10 18 8 18 32 8 11 29 2 15 35 9 41 50 10 21 9 0 2 4 0 0 0 0 0 0 
Staphyl. capare 3 5 8 0 4 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 1 5 0 1 2 0 0 0 
Staphyl. epidermidis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 7 23 
Staphyl. cohnii  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 
Staphyl. schleiferi 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Streptoc. pyogenus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 7 26 0 0 0 0 0 0 0 0 0 
Microccus kristinae 0 1 0 0 3 0 2 14 10 0 12 28 0 4 16 0 0 0 0 0 0 0 0 0 1 3 6 0 0 0 
Micrococcus varians 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13 37 28 0 0 0 0 0 0 0 0 0 
Bacillus cereus  0 0 0 0 5 0 0 0 0 0 0 0 0 2 8 0 6 0 0 0 14 0 0 8 0 2 0 0 0 0 
Bacillus firmus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 
Corynebacter Ps. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 2 
Aerococcus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 39 98 66 
Anaerobiccocci 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 
Kurthia gibsonii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Total 3 7 9 12 22 25 10 32 42 8 23 57 2 21 59 9 51 50 26 65 77 3 54 17 1 13 8 53 105 93 
1.  C.C.P.1: Killing Knives.     Number:  
2.  C.C.P.2: Skinning Knives.      1. Start of work 
3.  C.C.P.3: Finishing Knives before wash of meat.  2. Middle of work.  
4.  C.C.P.4: Finishing knives after wash of meat.  3. The End of work.  
5.  C.C.P.5: Knives used to open Abdomen.  
6.  C.C.P.6: Beef splitting saw.  
7.  C.C.P.7: Meat before wash.  
8.  C.C.P.8: Meat after wash.  
9.  C.C.P.9: Refrigerated meat.  
10.  C.C.P.10: Air of cattle slaughter hall.  
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